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CLINICAL PROTOCOL
An 11-year-old boy was admitted to our institution with drowsiness and slurred speech, following two episodes of tonic posturing of all four limbs with frothing at mouth. There had been an alleged history of fall in bathroom 2 days back and a history of low-grade fever off and on for 5 days. His birth history and developmental milestones were normal; there were no focal neurological deficits or episodes of convulsions in the past. There was a history of ear discharge at 4 years of age. There was no history of tuberculosis or tuberculous contact.
CLINICAL EXAMINATION AND INVESTIGATIONS
On examination, the child was afebrile with a pulse rate of 80/min, respiratory rate of 40/min, and blood pressure of 98/62 mm Hg. He weighed 26 kg (below fifth percentile as per the National Center for Health Statistics [NCHS] weight-for-age charts), with a height of 142 cm (between 25 th and 50 th percentile as per NCHS height-for-age charts). On systemic examination, the child was comatose, responding only to deep stimuli (modified Glasgow Coma Scale of E1M4V1). His pupils were constricted and sluggishly reacting to light. He had hypertonia in all four limbs, brisk reflexes, and ill-sustained ankle clonus. Signs of meningeal irritation were present. Other systemic examinations were normal. With a provisional clinical diagnosis of either cerebral concussion or meningoencephalitis, he was shifted to the Pediatric Intensive Care Unit (PICU). He was started on ceftriaxone, valproate, dexamethasone, mannitol, and intravenous fluids. In view of poor general condition and gasping respiration, he was put on ventilator support. Initial investigations revealed a normal hemogram, normal random blood glucose, and calcium and renal/liver function tests with hyponatremia (126 mEq/L) and hypokalemia (2.8 mEq/L). Ultrasonography of the abdomen was normal. Computed tomography (CT) of the brain revealed communicating hydrocephalus probably secondary to tuberculous meningitis with infarcts in the left thalamus and right basal ganglia [ Figure 1a ]. With appropriate intravenous fluids, an attempt was made to correct the electrolyte imbalance. A burr hole and ventricular tap were done to reduce raised intracranial tension; the aspirated fluid was normal.
COURSE IN THE HOSPITAL
On day 2 of admission, a right femoral central line was inserted for long-term venous access. With a provisional diagnosis of tuberculous meningoencephalitis, anti-tuberculosis treatment (isoniazid, r i f a m p i c i n , e t h a m b u t o l , a n d pyrazinamide) was started. Hyponatremia (118 mEq/L) persisted and was treated with hypertonic (3%) saline and restricted intravenous fluids. A persistent irregular pulse was noted; electrocardiogram (ECG) showed ventricular bigeminus rhythm with 
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On day 3, mannitol was stopped and acetazolamide started. As per the PICU protocol, intravenous antimalarial agents (artesunate and clindamycin) for Plasmodium falciparum malaria were empirically started. Ventricular tap was repeated by neurosurgeons to release raised intracranial tension. Hyponatremia (116 mEq/L) persisted despite treatment. The sputum was negative for acid-fast bacilli (AFB); ventricular tap fluid, blood, and urine culture did not grow any organisms. He was HIV negative. The electrolyte imbalance and ECG changes persisted on days 4 and 5 with the development of supraventricular tachycardia [ Figure 1c ]. On day 6, the cardiologist opined that ECG rhythm changes could probably be explained by the persistent hyponatremia. Meanwhile, the child's sensorium improved, with response to oral commands and weaning from ventilator was started. The child was extubated on day 7 and kept on oxygen by mask. A workup for syndrome of inappropriate antidiuretic hormone secretion (SIADH) was planned on the next day due to continuation of hyponatremia and ECG changes. However, on day 8, he developed bradycardia with desaturation, was intubated, and cardiopulmonary resuscitation was given. After 4 h, he developed pulseless ventricular tachycardia; cardioversion and amiodarone were given along with cardiopulmonary resuscitation, but he could not be revived.
UNIT'S FINAL DIAGNOSIS
Tuberculous meningoencephalitis complicated by either "SIADH" or "cerebral salt-wasting syndrome" with "persistent hyponatremia" causing ventricular bigeminus rhythm and ventricular ectopics arising from the right ventricle.
DISCUSSION ON CLINICAL PROTOCOL BY PROFESSOR, PEDIATRICS
This 11-year-old child was brought with alteration in the central nervous system (CNS) function in the form of altered sensorium, slurred speech, and two episodes of tonic posturing, soon after a fall in the bathroom. The presence of neurological dysfunction, seizures, signs of meningeal irritation, and demonstrable infarcts and hydrocephalus pointed toward the existence of a widespread CNS damage due to a subacute or chronic disorder. In this situation, it is reasonable to make a presumptive diagnosis of CNS tuberculosis even in absence of a definitive cerebrospinal fluid picture or microbiological confirmation. It may be added that childhood tuberculosis is a paucibacillary disease and even with tuberculous meningitis, mycobacteria are most often not demonstrated on smear or culture. [1] Tuberculomas as a reason for CNS manifestations are less likely as they would have been seen on neuroimaging. Other causes of subacute or chronic meningitis or meningoencephalitis (such as fungal, neurocysticeral, or eosinophilic meningitis) were ruled out on the basis of clinical manifestations and investigations.
The patient also had persistent hyponatremia from the day of admission. The cause could be related either to SIADH or cerebral salt wasting syndrome, both of which can occur in tuberculous meningoencephalitis. [2] These complications could not be confirmed since the patient succumbed to the illness before osmolality studies and analysis of urinary electrolytes could be carried out. Addison's disease could have been considered as a cause for hyponatremia had it been associated with hyperkalemia. Dyselectrolytemia is known to cause cardiac arrhythmias; [3] though hyponatremia, by itself, is unlikely to give rise to ventricular ectopic beats arising from the right ventricle with bigeminal rhythm. [4] Raised intracranial pressure (ICP) is also known to give rise to arrhythmias but it is mainly associated with sinus node dysfunction giving rise to bradycardia and bradyarrhythmias. [5, 6] Is it possible to explain the CNS and cardiac manifestations on the basis of a single disease? There are a few disorders that can manifest with both CNS and cardiovascular manifestations [ Table 1 ]; however, they are unlikely in view of late presentation and absence of associated features. The fact that the patient developed arrhythmias of the right ventricular origin during his PICU stay, and which persisted even after his neurological condition improved, is a pointer to the separate etiologies for the CNS and cardiac manifestations. Per se, ventricular tachyarrhythmias are uncommon arrhythmias in children. [6] Apart from electrolyte imbalances or drugs, the possible cardiac etiologies in this child could include varied conditions such as structural congenital [7] or acquired defects, [8] cardiac tumors, [9] and myocardial diseases, [8] especially arrhythmogenic right ventricular cardiomyopathy/ dysplasia. [10] However, these diagnoses seem unlikely (even though echocardiography was not performed) as the child did not have any cardiac complaints in the past; clinically also, there was no evidence of any cardiac murmur, cardiomegaly, or congestive cardiac failure. Apart from the rhythm changes, the ECG did not reveal any other abnormality. Moreover, none of the drugs used in the treatment had any arrhythmogenic potential.
FINAL CLINICAL DIAGNOSIS
PATHOLOGY PROTOCOL BY PROFESSOR AND ASSOCIATE PROFESSOR PATHOLOGY
A complete autopsy had been performed. Remarkable findings were present in the brain, heart, and lungs. The brain appeared edematous with patchy leptomeningeal thickening and opacification. Whitish exudates were seen over the convexities, mainly along the congested cortical vessels. Dense yellowish white granular exudates were present at the base of the brain, especially in the interpeduncular fossa, prepontine cistern, and over the pons embedding the cranial nerve roots. On histology, these areas showed widening of the subarachnoid space by necrotic material, fibrin and dense mononuclear cell inflammatory, chiefly lymphocytes, macrophages, loosely arranged epithelioid cells, and plasma cells; inflammatory cells were also seen in the Virchow-Robin spaces [ Figure 2 ]. Some of the leptomeningeal vessels that appeared thick-walled and prominent on gross examination showed a palisade of similar cells at histology [ Figure 3a ]. Serial coronal slices of the cerebral hemispheres revealed 2.5 cm x 1.5 cm x 1.5 cm friable focally hemorrhagic area of infarction involving left basal ganglia. In this region, the arteries in the vicinity also showed a prominent perivascular inflammatory cuff [ Figure 3b and c]. Serial sections of the brainstem showed a tuberculoma, which appeared as a well circumscribed pale yellow firm nodule in the midline of the cerebellum [ Figure 4a ], not involving the fourth ventricle. It was composed of caseation necrosis surrounded by a granulomatous reaction [ Figure 4b ]. The leptomeninges over the pituitary showed similar inflammation and vascular changes. Much of the gland showed foci of hemorrhage; dense lymphocytic infiltrate were also present within the remnants of the gland [ Figure 4c ]. Zeihl-Neelsen stain for acid-fast bacilli (AFB) was negative.
The heart was mildly enlarged and weighed 120 g. Mound-like, friable, granular light brown to pale yellow 1.6 cm x 1.0 cm thrombus was present in the right atrial cavity at the flutter isthmus [ Figure 5a ]. On histology, a fresh thrombus was seen adherent to the endocardium, which showed fibrocellular thickening with prominent fibroblastic proliferation and histiocytic infiltration; granulation tissue was present at the interphase with the myocardium [Figure 5b ]. No organisms were identified, even on special stains. Rest of the chambers and valves appeared normal, but focal interstitial myocarditis was present in the left ventricular sections. Both lungs had a normal size and shape with patchy pleural thickening and opacification. The lungs were rubbery to feel and had a uniform brown color. The trachea, main bronchi, and the intra-parenchymal bronchi showed the presence of shaggy exudates and mucosal ulceration due to acute inflammation [ Figure 5c ]. Zeihl-Neelsen stain for AFB was negative. Interestingly, many of the arteries were occluded by fresh thrombi, which were confirmed on histology [ Figure 5d ]. Other organs were normal.
FINAL DIAGNOSIS
Tuberculous meningitis with cerebellar tuberculoma, pituitary tuberculosis, and panhypopituitarism-related arrhythmias; nosocomial tracheobronchitis; and catheter-induced right atrial mural thrombosis with pulmonary thromboembolism.
CLINICOPATHOLOGIC CORRELATION
Childhood tuberculous meningitis is more common than bacterial meningitis with varied clinical manifestations. [11] Prompt diagnosis using clinical and investigational parameters is essential to prevent ensuing morbidity and mortality. However, due to nonspecific manifestations coupled with low sensitivity of the diagnostic tools generally available to clinicians working in resource-poor settings, an early diagnosis is at times compromised. In this case, the diagnosis of CNS tuberculosis was done on the basis of a conglomerate of clinical clues without the benefit of any definitive pathological, radiological, or microbiological help. This ensured that appropriate management (as per the standard guidelines) was initiated soon after presentation.
Apart from the usual sequelae of hydrocephalus and raised ICP, CNS tuberculosis is often complicated by vasculitis and consequent infarction. [12] The vasculitis tends to involve the medium-sized and small-sized arteries in the middle cerebral artery territory. The ischemic necroses characteristically occur in the basal ganglia region, especially the "tubercular zone," which includes the caudate nuclei, anterior thalamus, anterior limb, and genu of the internal capsule. [13] In this case, there was no active invasion of the vessels, but there was periadventitial cuffing by the granulomatous reaction, which is a common pattern seen. [12] Furthermore, even the capillaries within the infarcted parenchyma were surrounded by mononuclear inflammatory cells. On postmortem examination, the meningitis was associated with a solitary cerebellar tuberculoma, a common location in children. This was not detected antemortem, probably because the CT scan is known to be less sensitive and inferior to magnetic resonance imaging in detecting abnormalities in the infratentorial region. [14] Thankfully, this would not have affected management as the patient was treated with antitubercular drugs, corticosteroids, and measures for control of raised ICP. However, the precise cause of persistent hyponatremia could not be confirmed as the patient succumbed before serum osmolality studies and analysis of urinary electrolytes could be carried out. Hyponatremia is commonly seen in association with tuberculous meningitis and is supposedly caused by SIADH. [2] The perplexing issue in this case was the occurrence of arrhythmias in the patient in absence of any evidence of underlying heart disease. However, this could be explained on the dysfunction of the hypothalamic-pituitary axis dysfunction, a rare manifestation of CNS tuberculosis. This occurs with or without direct involvement of the pituitary gland; surprisingly patients may not have diabetes insipidus. [15] A prompt clinical diagnosis is required as the inflammation responds to antituberculous therapy; however, long-term follow-up is required to detect pituitary hormonal deficiency.
At autopsy, a right atrial thrombus was noted, which is an uncommon, but the well-documented complication of peripherally inserted central venous catheters (PICC). [16] It has been reported that due to the constant pumping movement of the heart, the catheter tip may cause damage to the wall of atrium, resulting in mural thrombus formation at the point of contact. [17, 18] Moreover, in the pediatric population, the distance between the right atrial chamber and the tricuspid valve is small and the risk of causing arrhythmias is higher as the catheters slide up and down the chamber with normal motions. [19] In the present case, it appears that the tip of the PICC was not placed freely in the right atrium, but the PICC may have been over-inserted resulting in not only the formation of a right atrial thrombus but also gave rise to fatal pulmonary thromboembolism. 
